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571 o -ABSTRACT' "

An electro -optic device comprises a plurahty of first
electrodes provided on a top substrate and a second

electrode provided on a bottom substrate, the first

electrodes confronting the second electrode through
electro-optical matter which will show electro-optical |

phenomena by the application of electric field, the first
and second electrodes being connected through exter- _
nal impedance elements such as resistors or capacitors.

to a variable voltage source. In this electro-optic de-

“vice, the electric field applied between the first and
second electrodes are partially changed by various

means, for instance, by making the areas of the first

© il i A7 o b T s

electrodes different, or by varying the values of the
€xternal lmpedance elements such as resistors or ca-
pacitors, as a result of which the electro-optical matter

shows various electro -optical phenomena.

11 Claims, 44 Drawm’g Figures

“FIRST ELECTRODE



US. Patent siy12, 1977  Sheetior7 4,035,060

AN R A TR (N % N N N, B

. ;Izm:mm

1
VAN A I S A A AN LT

1 NNNNANANNNN o T



~ U.S. Patent July 12,1977 Sheet 2 of 7 ' 4,035,060

CFles Flelo

Ed | cit 2L Cc3= o=

’ , | ra4
] == _II__” | *Ir -

' ’ Cas
=T ~Naa

Cal "02 Ca2'rg3 Caz

FIG.I2

4:15'%7 "

AVARRY ARRTAR AWARRR RN

i TR, mmu |
M |II Hnuumnll .

MIII VA P 2R Il.l"' b“

s l I
F 1 r
. ; 1
I 1 |

FIG |5

el T lee
[ N st s st st v AR

S L= — =t ==t
- Edo| "M lraef| | |

- Call Cai2 .




- U.S. Patent july 12,1977  Sheet 3 of 7 4,035,060

Ed

A AN \‘“ I l“‘ h“\

| | | |,.u“ulh|:l|||||lllII|HI!hummi -
| | / | | L lllllnlmuulilllllllllll ]
' ‘ ' | - Vel oA L AV L2 2A Illﬂ

T-L‘_

Ed

DN N Y

amm .

-—-"-- __' - 1&@\‘\&& b24 S



U.S. Patent  juy 12, 1977

XV AR

1NN T SR \‘\“\ \“\\‘“ |
TH I“hlh 1 |u:||h RHOHH T m““i' I mlll N ”'

. VSIS SILDN vz '"""""J"."J |

NANATAMRNARRRRNNANS

Sheet 4 of 7

N
AN
N\

pilin T

AV AW EE.VENP .,

V
e
R

il

g R O

3
IV,

4,035,060



4,035,060

:Sh,eet 5 of 7

July 12, 1977

"U.S. Patent

F1G.29
s 2 3'4 '

Fl1G.28

E_ﬁ%@%///\

S\ A AT LA A AT A AT A AN AT SN

“DANARARARARY & :

VLD EIN
"."’.’""f |

NN\
- W.ﬁ

4_ :

ﬁf/

_ Ed40
FIG. 30

Haz VI-' Ha3 Ha4| ba

042 V[— a43 44

al Al K R N

o4

‘.‘ii‘li‘l- I... I.l.ll..l

r’”””””’.’

”
------

“‘.l‘l-"‘--“l“l

?ggg o

Fl1G6.32

_J.Q_
N

1

¥ A A S S T S P S O G B et R il S S B

L _,E__yi,fffff”/luus .

TEEN L

NINEL - e

R E=R
i - :
oy 1 *

InNg ¥ s
CWNRL =

NI\

i
YAXALA

\
N

0o
)/ I 2 o N
N S AN

. Brd
L & | b



~ Sheet 6 of 7

July 12, 1977

U.S. Patent .

F 16.35

¢ T

r’””””””’

i i T

A A e S A S A i SR Y R SR nE Sy AN Y

NI SN NN SINNY N

VA O EEONEEESL

.6 _ 1\ AANIEESSSSSSSSSY

o]
\

- L - r e - E - ]

2 /’ "l_ "W W W . O W W, W . W W W N Y R W W

DTSN

DA AN NSIINSISSSN)
VIO

DN YN S ANNY

ﬁ§§§ _

- ‘_.“
. ' ..

OIS IyiE
Ff""”"."""’ .

_AMPLIFER

TRANSDUCER,

ELECTRO-OPTICAL
CELL

27

2l

20
 DETECTOR

F16.37

~ ~AMPLIFIER

AMPLIFIER

=

ki
E.
—
L

a

- DETECTOR

28

 ELECTRO-OPTICAL

" CELL

" FI1G.38

VOLTAGE
SOURCE

-}
O
o
—
pd
O

g
g

' 30- |

L

FLECTRO-OPTICAL
"CELL

- 29-

L
. ]

3



- U.S. Patent  july 12,1977 ~ Sheet 7 of 7 4,035,060 :

. l________________________ TELEPHONE SET i
S 34 3

|
. i - | PICK- UF’COIL
| o

_ AMPLFER

o THYRISTER
-E4I - 42

VOLTAGE
INDICATOR _

FIG 4I

Hopols 1’4“4 ‘'t

I3
FIG 42 '




4 035 060

1

ELECTRO-OPTIC DEVICE

BACKGROUND OF THE INVENTION

* This invention relates to an electro-optnc devrce used
for various display devices which display an image
having a monochrome and/or colored tone partially

b

2

_patent is same to prior known electro-oPttcal dlsplay

device having swntchmg circuit for selecting electrode.
The present invention is to provide electro-optical
display device based on different prmcrple from- said

patent. In this invention, its electrode is divided into a .

plurality of parts, each electrode is connected at least

~ one external impedance element in series, the imped-

light and shade or to an electro-optic dev:ce useful for

optical valves, shades or screens. - -

Various electro-optic devices which present or show
a peculiar electro-optical phenomenon in a relatively
low electric field are well known in the art. Such elec-
- tro-optic devices can be divided into two groups; one
group including so-called crystalline liquids, that is,
some of the organic substances presenting mesophase

indicating that they are states of material intermediate

between the liquid and crystalline states or mixtures of
these organic substances and the other group including

- so-called colloidal hqunds which are obtained by dis-

persing a non-organic crystal such as tungsten oxie and

vanadium oxide or an anisotropic crystal such as hera-

10

ance ratio between impedance of external impedance
element and impedance between electrode in cell dif-

fers each other and produce voltage gradient in elec- -

trodes in cell, divided currents supplred from external
AC electric source flow constantly in all of a plurality
of said series circuit, characterized in that the voltage

. between each ﬁrst electrode and second electrode dif-
15 |

fers each other
SUMMARY OF THE INVENTION

. In present mventlon a plurahty of closed circuit in

20

pathite in a solvent, a typical one of which is the colloi-

dal liquid on the market named VARAD (made by
MARKS POLARIZED CO.).

When an electric field is applied to such an electro-
optical material, for instance a crystalline liquid; in one
case, it changed its state, that is, it changes from a state
- of presenting an optical 1sotr0py to a state of presenting

‘an optical anisotropy, and in another case, it changes
from the state of presenting an optical isotropy to a
state of a molecular turbulent flow thereby to uni-
formly scatter incident light. In addition, a certain type
- of crystalline liquid material selectwely relfects only
‘the light of a particular wave length upon apphcatron of
an electric field thereto.
~ Such peculiar optical pmpertles of crystalline liquid
material are utilized in a conventional crystalline liquid
display device known in the art. Such a conventional
crystalline liquid display device is provided with a plu-
rality of electrodes for optical image-creating, con-

23

- which at least one of external impedance element and

a pair of opposing electrode are connected in series, is
provided, by changing impedance ratio between im- .'
pedance of external impedance element and imped-

‘ance between a pair of electrode potential between a

pair of electrode differ in each closed circuit, thus
enables to vary continuously the image produced by
electro-optical effect due to the difference of imped-
ance ratio between impedance of external impedance

- element and impedance between a pair of electrode by

30
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fronted each other, on both side of a crystalline liquid
film wherein electric field has been properly selectively

applied to these electrodes, thus selectwely displaying a
~ part of or the whole of the image, but it has never been

tried to present a light and shade portlon in the i image
or to display a plurality of colored i images. |

only changing the value of external AC voltage without
employing electronic selecting element of electrode

-such as switching element which is mev:table In prror |

device. |
Accordingly, it is the first object of present invention
to provide an electro-optlcal device in which electrode

of electro-optical device is divided into plurality of

parts, the divided electrodes are connected to external

AC voltage source through at least one of external
impedance element, the impedance ratio between im-

pedance of external nnpedance element and imped-
ance between electrodes in cell differs each other, thus

enables to change continuously the brightness or color
~tone of image produced by the ratio between imped-

 ance of external impedance element and impedance
~ between a pair of electrode by changing the value of

45

~Generally, such a conventional electro-optical dis-
- play device, electrical field is applied to electro- -optical

- material by selecting one or both electrode of a pair of
electrode which opposes through electro-optical mate-
rial, and displaying character or simple figure.

Mr Schulthess filed U.S. Pat. No. 3,774,195 before
the filing date of original application of this application.

In this U.S. Pat. No. 3,774,195 electrode of electro-
~optical display device is divided into plurality of elec-

trodes and blocking current is applred to said elec-
trodes through control voltage circuit from electric |

source to be measured. Said control voltage circuit is

‘constructed by standard voltage source, and plurality

of standard resistors connected in series each other,

external AC voltage source without employing elec-
tronic or mechanical selectmg means of plurahty of

electrode. . |
Second object of this mventron is to provrde an elec- |

- tro-optic device serviceable as an lndoor or outdoor

50
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decorative display showing a very impressive image-up
in which a display having various brightnesses and/or a

_plurahty of color tones different stepwise from each

other is carried out, and not only simple characters and
ﬁgures but also intricate pictures and patterns having
various brightnesses and/or color tones can be dls-,

| played

and these resistors are elements of extemal voltage' _-

dividing circuit to produce step voltage gradlent
- Therefore, said standard resistors are elements of de-
termination to flow or not said blocking current sup-
plied from electric source to be measured, so that elec-

65

tric voltage is added to selected electrode only from

said plurality of electrodes according to the value of

- voltage to be measured Therefore prmc:ple of this

Third object of the invention is to provrde an electro-

' optic device in which a display having a plurahty of
~color tones different stepwise from one another is car-

60

ried out so as to provide a map for indicating various -
levels such as a golf course ‘map, a map for informing of

“areas where photochemlcal smog occurs and a weather =

chart for indicating areas of “‘fine weather” and “rainy

weather’’ by dlstmgulshmg them by brlghtness and/or

colors - |
Fourth object of the lnventron 18 to provrde an elec-

tro-optic device which can be readrly fabricated at a
low cost and can take place of an advertrsement tower -



3

~or neon sign board, in which a member for effecting an

electro-optical action displays an image which varies
with a delay time, or at time intervals, without the aid

of an electrical RC tlmer crrcurt or mechamcal swrtch-- o

ing operation.

Fifth object of the mventron is to provlde an electro-'
optic device which is suitable for a direction-indicating

lamp of a vehicle, a passage guide board and an opti-
‘cally scanned light shutter such as an optrcal shade and
a light blind.

Sixth ob]ect to the invention is to provrde an electro-
optic device which is utilized as an indicator for indi-

cating a value of voltage or current, such as for instance
an extremely thin ammeter or voltmeter and indicators
in various instrument for measuring temperature,
speed, weight, quantity of light, pressure and the like 1 in
combination with appropriate transducers..
Seventh object of the invention is to provide an elec-
tro-optic device which is useful as a volume indicator,

or a level indicator, of an acoustical device and more

particularly as an indicator for indicating right and left
sounds in a stereophonic device or a tuning mdrcator In
a communication device.

Eighth object of the invention is to provide an elec-
tro-optic device in which Opposing electrodes in cell

are parallel and construction is simple, enables to pro-

vide external impedance element at the surface or end

4,035,060

sections are connected directly'or through resistors or
capactiors having different in value from one another

- to a variable voitage source so that the threshold values

15

20

235

of cell, to fabncate the device in small size and low
- and the electric field strength of the cell of twisted

cost.

Nmth object of the invention is to provide an electro-
~optic device which is possible to display moving image
by adding square, or saw AC wave.

According to an aspect of this invention, the forego—
ing objects and other objects have been achleved by the
~ presentation of an electro-optic device in which a plu-

rality of electrodes different in area from one another

‘are arranged in order and connected respectively
through resistors or capacitors having the same value to
a variable voltage source so that the threshold values of
voltages to be applied to the electrodes for the occur-

30

35

rence of electro-optical phenomena in an electro-opti-

- cal matter are different from one another or in which a

plurality of electrodes having the same area are con-
nected respectively through resistors or capacitors dif-

ferent in value from one another in order that voltages
between the electrodes are different from one another.

- According to an aspect of this invention, the forego- |

| -mg objects and other objects have been achieved by the
presentation of an electro- Optrc device in which a plu-
30

rality of electrodes different in area from one another
- are arranged in order and connected respectively
through resistors or capacitors having different in value
from one another to a variable voltage source so that
the threshold values of voltages to be applied to the

electrodes for the occurrence of electro-optical phe-
nomena in an electro-optlcal matter are different from
one another or in which a plurality of electrodes havmg

the same area are connected respectively through resis-

tors or capacitors different in value from one another in

order that voltages between the electrodes are dtfferent
from one another.

of voltage for presentmg electro-optical phenomena of

'electro-optlcal matter in the sections, respectively.

‘The manner in which the foregoing objects and other
objects of this invention have been achieved will be-
come more apparent from the following detailed de-
scription and the appended claims when read in con-

10 junction with the accompanying drawings, in which like

parts are desrgnated by like reference numerals of Sym-

bols.

'BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanymg drawmgs .
FIG. 1 1s a plan view lllustratmg one example of cell |

of this invention; |
FIG.2isa cross-sectronal view taken along lme l —

Iin FIG. 1;

FIGS. 3 and 4 are plans view: 1llustrat1ng other exam- |
ples of cell of this invention; |

FIG. § is an equivalent circuit dlagram of the exam-
ple shown in FIGS. 1 and 2;

FIG. 6 is a graphical representatlon indicating the
relationship between the light scattering wave length
and the electric field strength;

FIG. 7 is a graphical representatlon 1ndlcat1ng the

relationship between the light scattering wave length

mode llqurd crystal;
FIG. 8 1s a graphical representatlon indicating the

'relatlonshlp between the light scattering wave length

and the electric field of the cell of cholestenc crystal-
line liquid; |
FIGS. 9 and 10 are equwalent c:rcurt dlagrams of

other examples of the invention;
FIG.11isa plan view illustrating another exam;>le of

cell in present invention;

FIG. 12 1s a cross-sectlonal view taken along ll — I

40 line in FIG. 11;

FIGS. 13 and 15 are equlvalent circuit dlagrams of |

‘three examples in present invention;

- FIG. 16 1s a diagram for explalmng the rnode of oper-

~ ation of the arrangement shown in FIGS. 11 to 15;
45

FIG. 17 is a cross-sectional view of another example .

of cell in present invention; |
FIG. 18 is an equwalent circuit dlagram of the exam- |

. ple shown in FIG. 17;

FIG. 19 is a cross-sectronal v1ew of another example |

of cell in present invention; |
FIG. 20 is an equivalent circuit dlagram of the exam-

“ple shown in FIG. 19;

FIG. 21 is a plan view illustrating another embodr-

" ment of the invention:;

55

FIG 221s a cross-sectronal dragram taken along line

I — Il in FIG. 21;

FIG. 23 is an equwalent circuit dlagram of the em-. '.

bodiment shown in FIGS. 21 and 22;

60

According to a further aspect of the invention, the |

foregomg objects and other objects have been achieved
" ment of the mventlon

by the provision of an electro-optic device formed in

such a manner that it has a plurality of sections where
the areas of opposed electrodes and the distances

therebetween are different from one another and a
plurality of electrodes provrded resPectwely in the

65

FIG. 24 is a plan view 1llustrat1ng another embodr- |

Iment of the invention;

FIG. 25 is a seetmnal dlagram taken along lme IV —_

IV in FIG. 24

FIG. 26 is a bottom vnew rllustratmg another embodl--. )

FIG. 27 is a cross-sectional dlagram taken along llne

V — Vin FIG. 26; -
FIG. 28 is a bottom view rllustratmg another embod:—-

ment of the mventron
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FIG. 29 is a cross- sectional diagram taken along line
VI — VI in FIG. 28; |

- FIGS. 30 to 35 are cross-sectmnal diagrams reSpec-
tively lllustratmg various embodlments of the inven-

tion;

- FIGS. 36 to 38 are block diagrams respectwely 1llus-l

trating different embodiments of the invention;

FIG. 39 is a circuit diagram illustrating the othei' |

 embodiment of the invention,; |
FIG. 40 is a graphical representation mdlcatmg

square wave for driving cell and characteristic curve of
voltage of each electrode in cell shown in FIGS. 1 and

23
FIG. 41 1s a graphlcal representatlon mdlcatmg

square AC wave for driving cell; and

~ FIGS. 42 to 44 show three examples of dlsplay by

moving image of cell in present invention.

DETAILED DESCRIPTION OF THE INVENTION
With reference now to FIGS. 1 and 2, there is shown

one example of the electro-optic cell according to this
invention, which comprises a top substrate 1 made of

transparent glass or resin under which first electrodes
aq, a, . . .. respectively having areas S,,, S,, . . . . differ-

ent from one another are arranged and a bottom sub-

strate 2 made of transparent glass or resin on which a

second electrode is provided. The top substrate 1 is

- stacked on the bottom substrate 2 so that the first elec-
trodes a,, a, . . . . confront the second electrode b,,

- while an electro-optic material 3 is filled between them.
- The first electrodes a,, g, . . . . and the second elec-

trode b, are formed by subjecting metals such as tin
oxide and indium oxide or metallic compounds of these

metals to various methods such as sputtering, vacuum
evaporation and formation. The thickness of these
electrodes is oridnarily on the order of from several

hundreds to 2,000 A. In this connection, in the case of
forming an electro-optic cell of reﬂectlon type, the

second electrode b, is formed as a light reflecting film
by vacuum-evaporating or printing a metal such as

formed by laminating a plurality of these metals so as to
increase the strength of the light reflecting film.

~In this connection, organic crystallme liquids or arti-
~ ficial crystalline liquids, that is, crystalline liquids
-whose properties are changed electrically and optically

| buthylaniline . .

10

15

20

nyl,

25

~ .cyanotriphenyl,
30

35

45

that is, are electro-optically variable and which are

- artificially produced by dispersing non-organic fine

. particles or organic fine particles into solvents can be
. employed as the electro-optical material. | |

Nematic crystalline liquid matters such as listed
below or mixture crystalline liquids containing two
‘nematic crystallme liquid matters or more are avallable
as the organic crystalline liquids:

Anisal-p-cyanoaniline,
line, p-ethoxybenzol-p-cyanoaniline, p-cyanobezal-p'-
buthylaniline, p-cyanobenzalanisidine, p-cyanobenzal-
phenetidine, 4’'-cyanophenyl-4-n-buthylbenzoate, 4'-
cyanophenyl-4-n-hepthylbenzoate,
anisalamino)-cinnamate, - ethyl-p- (p-ethoxyben-
zalamino)-cinnamate, = ethy(p-cyanobenzal)-cinna-
 mate, n-buthyl-(anisal-p-amino)-cinnamate, isoamyl-
(anisal-p-amino)-cinnamate,  N-(4’-ethoxybezal)-4-
aminobenzonitrile,  4-(4’-n-hexylbenzalamino)-ben-
zonitrile, 4-(4'-n- prepylbenzalamlno) benzonitrile, P-

azoxyanisole, 4-methoxy-4'-ethoxyazoxybenzene, anis-
- p-methoxybenzal-p’-n-

al-p-aminophenylacetate,

p-methylbenzal- p-buthy]am— |

ethyl-(p-

50 :

35

40
~ aluminum, chromium, gold and silver on the bottom
~ substrate 2. If required, the second electrode b, may be

.-_6 _

buthylaniline, N- (p-methoxybenzal) -p- (2-propoxycar- B
bonyl- l-pmpenyl)-amlme s -ethoxybenzal-p’-n-
buthylaniline, p-methoxy -p’-n-penthylcarbonyl-

oxyazobenzene, p- -ethoxy-p '-buthoxycarbonylazoben-
- zene, buthyl-p-(p-ethoxyphenoxycarbonyl)-phenylcar-

bonate,  N-(4-methoxybenzal)-4’'-O-n-buthylamino-
phenole, p-(p-ethoxyphenylazo)-phenylhexanoate, bis-

- (4-n-octhyloxylenzal)-2-chlorophenylenediamine,

4,4'-bis-(hexyloxy)-azoxybenzene, 4,4'-bis-(hep-
thyloxy)-azoxybenzene, 4-caproiloxybenzoic acid-4’-
ethoxyphenyl ester, 4-caproiloxybenzoic acid-4’-
buthoxyphenyl ester, 4-n-propoxyphenyl-4’-n-propyl-

benzoate, 4-n-propoxyphenyl-4’'-n-buthylbenzoate, 4-

n-propylphenyl-4‘-n-propxybenzoate, 4-n-buthoxyphe-
nyl-4’-n-penthylbenzoate,

cyanophenyl-4'-hexylbenzoate, 4-cyanophenyl-4'-hep-
thylbenzoate,
4-pentyl-4’'-cyanobiphenyl, 4-hexyl-4’-cyanobiphenyl,
4-hepthyl-4’-cyanobiphenyl, 4-octyl-4’-cyanobiphenyl,
4-nonyl-4’-cyanobiphenyl, 4-propoxy-4’-cyanobiphe-

4-buthoxy-4'-cyanobiphenyl,  4-pentoxy-4'-
- 4-hexoxy-4’-cyanobiphenyl, 4-hep-

- 4-octoxy-4’-cyanobiphenyl,

cyanobiphenyl,
toxy-4'-cyanobiphenyl,

4-pentyl-4’-cyanotriphenyl, 4-hexyl-4'-cyanotriphenyl, I
~ 4-buthoxy-4'-cyanotriphenyl,

4.pentoxy-4'-cyano- -
4-hexoxy-4'-cyanotriphenyl, 4-heptoxy-4'-
4-octoxy4’-cyanotriphenyl,
nonyloxy-4'-cyanotriphenyl. | )
It is possible to add dye such as methyl-red, 1nd0phe- -
nol blue to produce guest host effect. |
As will be described later, in some cases a mixture
prepared by mixing a small amount of cholesteric crys-
talline liquid material in a nematic crystalline liquid
material are employed as the electro-optical material,
and sometimes a nematic crystalllne liquid matter
added with an dipole type additive is employed there-

fore. In addition, a mixture of alkoxyphenyl-acetylchlo- - '

triphenyl,

ride, 4- alky]phenyl-acetylchlonde and 4- acetoxyphe—_. )

nyl-acetylchlende is employed and furthermore a ne-

~matic crystalline liquid matter mixed with a smectic -

crystalline liquid matenal is employed as the electro-

‘optic matter.

Employed as the collmdal crystallme lquId are: col-'. N

loidal suspension liquids prepared by dispersing in sol- '

vents such as water the organic Or non-organic. fine
partlcles of, for instance, tungsten oxide, vanadium

oxide, a needle-shaped non-homogenous crystal such
as rock crystals, bismuth carbonate, lead crystal, hera-
pathite, or polyvinylidenefluoride. These colloidal sus-

pension liquids added with dipole type additives are .

used as the colloidal liquids. |
It is possible to use material having electrochrom =
eﬁ'ect such as diheptil wologen bromide as other elec- )

- tro-optical material.

- Furthermore, an organic crystallme llqllld ef field

- effect type made from two or more of the materials

60

listed below can be employed as the electroptical mate- .

rial: cholesterol bromide, cholesterol chloride, choles-

~terol iodide, cholesterol nitrate, cholesterol nexanoate,

65

cholesterol oleate, cholesterol linoleate, cholesterol

linolenate cholesterol nonanoate, cholesterol decane-. '-

ate, cholesterol laurate, oleyl cholesterol carbonate,

2-(ethyl-hexyl) cholesterol carbonate, heptyl eholes-" L
" terol carbonate, octyl cholesterol carbonate, nonyl

cholesterol carbonate, decyl cholesterol carbonate,

2_(methoxye_thy]) cho]esteml carbonate methyl cho- B

p methoxyfonnylexybenzal-p -n-

- 4-cyanophenyl-4’-n-
buthybenzoate, 4-buthylphenyl-4’-cyanobenzoate, 4-

4-decyloexyphenyl-4'-buthylbenzoate,

and 4-
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lesterol carbonate buthyl cholesterol carbonate, and
p-nonylphenyl cholesterol carbonate. |

In some cases, suspensions of oragnic pigment can be _

~used as the electrol-optical material.

In addition, generally, the film of electro-optlcal ma-

~tenal 3 is on the order of from several to 20 um in

.

rapldly by the variation of voltage so that it is posmble

 to distinguish arcurately the electro- Optlcal effect.

thickness, forming a white or colored image in a con-

srderably low electric field.

As is apparent from FIG. 2, the ﬁrst electrodes aj, a,' R
10

. are connected respectively through external imped-
ance element Z,, Z, . . . each having the same imped-
ance, to one terminal of an external variable voltage
source Ed while the second electrode b, is connected to
| the other terminal of the external variable voltage

source Ed. Thus the electric fields created between the

respective first electrodes a,, g, . . . and the second
“electrode b, for the purpose of creating the electro-op-
tical phenomenon of the electro-optical material 3
filled therebetween are different from one another.
This external variable voltage source Ed may be any
‘alternating current or direct current variable voltage

source. A light source {not shown) is positioned above

the top substrate 1.
FIGS. 3 and 4 show other examples of cell having
first electrodes of different shape and area.

15
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The operation of this electro-optical cell will be de-

scribed with referent to FIG. 5 which illustrates the
equivalent circuit of the cell in the case of resistor R,,
R, . . . as imepdance element Z,, Z, . . . . In FIG. §,

reference symbols ra,, ra, . . . are resrstors existing
between the respective first electrodes a,, a, . . . and the
second electrode b,. It is assumed that the ratio of the
areas of the first electrodes a,,a,...is1:4:9.... The
internal resistances between the respective first elec-
trodes and the second electrode decrease with the in-

30
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crements of the areas of the first electrodes. Accord-

ingly, ra, > ra, > ray . . . . At the same time, the internal

capacitances existing between the respective first elec-
trodes and the second electrode become ca, < ca, <

cay . . . . The voltage division ratios of the resistances
~and capac:tances ra,, ca,; ras, cay; ras, cag . . . with
respect to the resistors r;, R, . . . are successively in-

- FIG. 8 shows the relationships between electric field
strengths and light scattering wave lengths in the case

where a cholesteric crystalline liquid material of field-

effect type consisting a mixture of the following sub-

stances is employed as the electro-optical material 3:

45% by weight
25% by weight
30% by wei_ght

cholesterin bromide
- nonyl phenyl cholesterin
cholesterin olecate

In this case, an image havrng color tones dlﬁ'erent from
one another is formed in the order of the first elec-

trodes Ay, Qg . . . . |

In the above described example the resistors R, R, .

. are employed. However, in the case where the volt-
age source is a.c., reactance elements such as capaci-_
tors may be employed instead of the resistors R,, R, .

. FIG. 9 shows an equivalent circuit arranged on the "
basrs of this idea, in which capacitors C,, C, . . . which
are equal in capacitance to one another are employed |
instead of the resistors R,, R, . . . respectively. FIG. 10
shows another embodiment of this uwentlon inwhich
resistors Ry, R, . . . and capacitors C,, C, . . . are con-
nected in para]lel re,Spectively. FIGS. 5, 9 anc_l 10 are
completely the same in function and operation. -

EXAMPLE 1

In FIGS 1 and 2, top substrate 1 and bottom sub-
strate 2 are made of soda lime glass plate and first
electrodes a,, g, . . . are formed by vacuum evaporation

of indium oxide of 500 A thickness. Schiff type hquld.

crystal mixture i.e. DAINEX DNM-1 (Vth = 6 volt) is

sandwiched in gap of 12 um between said top and

bottom substrate 1, 2 and its peripheral part is sealed

by epoxy adhesive, and completed electro-optical cell.

40

In this example of the invention the values of resis-
tance elements R,, R,;, R; and R, are not critical, and

- will be selected to create a significant voltage dmslon'

creased. It accordingly follows that the electro-optic

cell shows electro-optrc phenomena wrth dlfferent
tones at the successive electrodes a,, as . . ..
~ FIG. 6 illustrates the relationships between voltages

45

(indicated on the ordinates) applied between the first
and the second electrodes and light intensity ratios

(indicated on the abscissas), in which reference sym- =
50

- bols M and N indicate the charactenstrc curves of two

kinds of nematic crystalline liquid materials. Accord-

ingly, upon connection of the first electrodes and the
second electrode to the voltage source, an electro-optic
effect is produced in such a manner that the light inten-
sity is gradually lowered in the order of the electrodes
a,, ds . . ., as a result of which an image havmg an optr-
cal tone of light and shade is formed.

'RI.

between the internal impedance in the cell and the
resistance element or reactance element in series wrth
this internal impedance. | '.

Referring to FIG. §, typical values of resrstance ele- .

_ments R, R;,R;and R, as compared with typical inter-
nal cell impedances (both resrstance and reactance)

are as follows |

Ca| - 53pF '

- 2.7 Megohm = ra, - 7.5 Megohm
R; - 2.7 Megohm ~ rag - 4.8 Megohm Cag - 320pF
- Ry - 2.7 Megohm ray - 2.3 Megohm  Ca; - 960pF
R, - 2.7 Megohm ra; - 1.2 Megohm Ca, - 1800pF

55

FIG. 7 illustrates the relationship betweerr voltage |

indicated on the ordinate applied between the first and
the second electrode and transparency indicated on the

60

abscissas in the cell of twisted mode liquid crystal.
Curve M1 is a characteristic curve of device inwhich

polarization directions of the two linear polarizing

plates provided on the opposite sides of cell are paral-_ |

lel. Curve N1 is a characteristic curve of device in-

which polarization directions of the two linear polariz-
ing plates provided on the opposite sides of cell are
~ rectangular. As seen in FIG. 7, curve M1, N1 varies

65

. -Clr C2
FIG. 9. Each value of said capacitor C,, C;, C3, C, is

- 3000pF respectwely If voltage of variable voltage
source Ed is varied from 30 volt to 38 volt at 32 Hz Ac,

If voltage of variable voltag'e source Ed is raried froni
10 volt to 25 volt at 32 Hz AC, first electrode a, oper-

“ates at 10.8 volt, first electrodes a,, a, operate at 12.5

volt, first electrodes a;,, a,, as operate at 17 volt, first
electrodes ay, az, as, a4 operate at 25 volt. |

EXAMPLE 2

Electro—optrcal cell is same to Example 1. Capacrtors |
. are connected to said first electrodes as seen

first electrode al, az, a3, a4 operate progresswely
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In the embodtments of the electro-ctptlcal cells de-

scribed with reference with FIGS. 1 to §, 9, 10, the

areas of the first electrodes a,, a5 . . . are different
stepwise from one another so as to change the internal
- resistances ra;, ra, . . . or capacitances Ca,, Ca, .

between the ﬁrst electrodes and the second electrode |

bl |

However, field strengths between the first electrodes

'@y, a ... and the second electrode b, may be varied by
the followmg method. That is, the areas of the first

electrodes ay, a, . . . are made the same, but the resis-
~ tors Rl! Rz, Ra . OF capaCltﬂrS Cl! Cz, C3 .

Examples shown in FIGS. 11 to 1§ are prov:ded on
the basis of the above-described idea. As is shown in

FIG. 11, under the top substrate 1 there are provided

first electrodes a,,, a;; . . . whose areas are the same,
and as seen in FIG. 12_these electrodes a,,, a;5 . . . are
respectively connected to the terminals of impedance
element Z,,, Z,3, Zys, Z,, .
series to a variable voltage source Ed,,. FIG. 13 illus-
trates the equwalent circuit of cell in the case of resis-
tor Ry, Ry; . . . as impedance element Z,,, Z,, . .

EXAMPLE 3

Electro-optical cell is same to Example 1 except each

first electrode ay,, a,s . . . having same area and circuit
is same to FIG. 13. Typical values of resistance ele-
ments R,,, R, . . . and resistors ra,,, ra,, . . ., capacitors
Cau, Ca,, . .o exiSting between _t.he respeCtive ﬁmt
electrodes a,,, a,; . . . and second electrode b,, are as
follows. In this case liquid crystal is biphenyl type liquid
crystal mixture i.e. E-4 made by E MERCK (Vth=1.8
volt) | |

R“ - Thj, - 2.8 ME‘Ohm _

10 Megohm Ca,, - 625pF

Ryg- 2 Megohm ra,; - 2.8 Megohm Cay - 625pF

Ry~ 2.5 Megohm ra,y-2.8 Megohm ~ Ca,; - 625pF
"Rye- 1.25 Megohm ra,, - 2.8 Megohm

Ca, - 625pF

11 volt to 37 volt at 32 Hz AC, ﬁrst electrodes Q14s ala,
_a,,, a,, operate progresswely |

EXAMPLE 4

. con-
_ nected in the circurt between the first and second elec-
- trodes are made different stepwise in value.

. which are connected in

4.035.060
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' ‘pedance elements Z,, Z, .

30
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In this invention the areas of the first electrodes are _'

different and external impedance elements connected

to said first electrodes are also possible to be different.
In this embodiment, configuration of cell and circuit
are same to FIGS. 1, 2, 3,4, 5, 9 and 10. Therefore we

will explain only values of resistors or capacitors usmg

same symbols in corresPondmg Figures.

 EXAMPLE §

Resistors R,, R, ... are employed as external imped-
ance elements Z,, Z, . . . . Electro-optical cell is same to
Example 1 in which electro-optical material is Schiff-

~cyano type liquid crystal mixture i.e. LIXON7104, its
threshold voltage is 3 volt. Circuit is same to FIG. §,

and its values are given in the following table.

0 - '_Megohrn 100pF

R,-5 Megohm ra, - 2 Ca, -

R, 2.5  Megohm rag-35 Megohm Ca;- 400pF
- 1.6 Megohm ra;- 2.2 Megohm Ca; - 900pF
-1.3 ‘Megohm ra,-1.3 Megohm Ca, - 1600pF

In this case, if the voltage Ed increase from 5 volt to 8
volt as 32 Hz AC, first electrodes a, Az, a3, G4 operate
progresswely |

EXAMPLE 6

. . are employed as external im-
. Electro-optical cell is
same to Example 1 inwhich electro-optlcal material is
biphenyl type liquid crystal mixture i.e. E-4 made by E
MERCK, its threshold voltage is 1.8 volt. Circuit is
same to FIG. 9 and its values are given in the following

Capacitors C,, C, .

- table.
C, - 2154pF ra, - 20 Megohm  Ca, - 100pF =
Cs - 1436pF rag - 10 -~ Megohm Ca; - 200pF
C; - 1234pF rag- 5 . Megohm Cay - 400pF
C,- 1150pF ra, - 2.5 Megohm Ca, - 800pF

40

~ In this case, if the voltage increase from 4 volt to 18 |

45

~gradient produced in first electrodes ay, a4, a, . .
~ shown as graph in FIG. 16, inwhich ordinate shows the

volt at 32 Hz AC, first. electrodes a,, az, aa, a, operate'- o

In this case if the variable voltage Ed,, mcrease from progresswely

‘As explained above, in present mventlon potentlal '

- position of first electrodes and abscissa shows voltage

F[G 14 illustrates the equivalent circuit of cell in the |

“case of capacitors Cyy, Cys
Zyy, Zyg . . . . Electro-optical cell 18 same to Example 3.
o Refemng to FIG. 14, typical values of capacitors C,;,
- Cia, Cy3 and C, as compared with internal resistances
and reactances of the cell are given in the following

table:

| CH" Ca"_ - 625pF

S00pF ra;; - 2.8 Megohm
C,s - 1000pF . rays - 2.8 Megohm Ca,y - 625pF
CI: - lSDOpF ra,s - 2.8 Megﬂhm , Ca.’ll" GZSPF
CH - 2000PF TQsq ~ 2.8 | Ca“ - 625PF

In this case, if the voltage Ed,, increase from 10 volt 35

volt as 32 Hz AC, first electrodes a1y, Q13, Qu, ay; oper-
ate progressively.

. as impedance element

50
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“of each first electrode. The voltage of each first elec-
trode differs each other and divided currents ﬂow con- -

stantly through every first electrode.
The advantage of present invention is that the clrcutt

is simple and possible to fabricate readily and low cost

because said potential gradient is made by impedance
ratio between impedance of external impedance ele-
ment and impedance between first electrodes and sec-

~ond electrode in cell.

60

In present invention, it is posslble to display many'
kind of image and applicate various display device by _

changing the area of electrode according to purpose. |
~ In wrist watch or same other small instrument, itis
- very difficult to distinguish the operation of each elec-

trode by changing its area because of samll area of each

- electrode. However, in present invention, it is possible

65

FIG. 15 shows another embodiment of thlS invention

inwhich resistors R;;, Rys ... and Cy, Cys . . .
nected in parallel respectively.

are con-

to distinghish the operation of each electrode by chang-
iIng the values of external impedance element con-
nected to each electrode respectwely, thus enables to
display small i unage in step wuse accurately.

i -
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It requires external voltage of wide range for operat-

ing each electrode when the difference of area of each

electrode is large. However, in present invention the

4 035 060

| apphed between the first electrodes asl, a,-,,

- range of the external voltage for operating each elec-

trode become small by adjusting the values of external

impedance elements.
In present invention, it is possible to compensate the

impedance error between each first electrode and sec-

ond electrode due to the error of area of each electrode
or dlstance between first and second electrode in each

image, by adjusting the values of external impedance

elements.

In present invention, it is pessrble to dmplay many
kind of image and appllcate various display device by
changing the value of external impedance element.

In present invention, it is possible to display many
kind of image by changmg the area of electrode and

10

12 o
. and the
second electrode by, through resistors or capacntors_

(not shown), an electro-optical phenomenon occurs
with increase of the voltage of the variable voltage

source beginning with the central part of the electro-

optical cell. |
One example of the reﬂectlon type electro optleal_

- cell accordmg to this invention is shown with the bot-

tom view in FIGS. 26 and 27, which comprises first
electrodes a4y, a3 . . . which are different stepwise in
area from one another the first electrodes being pro-
vided under a top substrate 1, a second electrode b,, of

reflection type provided on a bottom substrate 2, and

- resistors R,;, R,, formed of thick film resistance mate-

15

value of external lmpedance element. In this case, it is -

the most useful. |

- FIGS. 17 and 18 show another embodlment of pre-
sent invention. In this embodiment, the second elec-
trode is divided into a plurality of parts, which oppose

to said first electrodes respectively. The divided second
electrodes b,,, b,, are connected to the other terminal

of external variable voltage source Ed through imped-

ance element Z,, and Z,,, other divided second elec-

trodes b,,, byy are connected to the other terminal of

voltage source Ed directly. Said impedance elements

Z,,, Z,s . . . compensate lmpedance elements Zyyy Ly .
resneetwely

FIGS. 19 and 20 show another embodiment of pre-

sent invention, in which the second electrode is divided
into a plurality of parts in different boundary of first
electrodes. First electrodes are connected to voltage
source through external impedance elements Z,,, Z,, .

. ..and second electrodes are connected to voltage
source through impedance elements Zg,, Z., .

20

- respective first electrodes ayy, a,, . . .,

rial by means of, for instance, vacuum evaporation or

printing, the number of the resistors being the same as

‘that of the first electrodes. One terminal of each of the

resistors Ry;, Ry, . . . is connected to one terminal of a

~variable voltage source Ed,, while other terminals. of

the resistors are connected to the respective ends of the
and the second

- electrode b, is connected to the other terminal of the

25

variable voltage source Ed,. An equivalent circuit
connected to this reflection type electro-optical cell is
the same as that shown in FIG. 5. In addition, the re-
flection type electro-optical cell is provided with a

- spacer 4 provided between the top substrate 1 and the

30

bottom substrate 2.
A modification of the reflection type electre-optreal

cell shown in FIGS. 26 and 27 is shown in FIGS. 28 and

29 in which the resistors are replaced by capacitors.

35

A further example of the electro-optical cell is shown

in FIGS. 21 to 23. As is apparent from FIG. 21, the
electro-optical cell comprises first electrodes a,,, a,, .
. provided under a top substrate 1, the first eleetredes

. 40

More specifically, in this modification, first electrode
plates H,,, H,, . . . which are the same in number as that

of the first electrodes 41, dys - - . are provided on the

opposite side of the bottom substrate 2. These elec-

trode plates are connected to the ends of the first elec-
trodes ay,, a,; . . ., respectively. An insulating layer § of
high dielectric value, such as a film of silicon dioxide,
organic silicon compound, chromium oxide, germa-
nium oxide, magnesium oxide, magnesium fluoride or

the like, is provided over the bottom substrate. Over

bemg different stepwise in area from each other, and
second electrodes b,, and by, on a back substrate 2

which respectively confront the first electrode a4, and
ay, the first electrode ayy and a,y. As is shown in FIGS.
22 and 23, the first electrodes ay, and a,4 are connected

the insulating layer § there is provrded a second elec-

trode plate 6 the end part of which is connected to one

~ terminal of a variable voltage source Ed,, The other

4 .

together, while the first electrodes a,, and ay, are con-

- nected to the terminals of a variable voltage source
Edjo. As a result, resistances ra,,, ra,s . . . between the
first electrodes and the second electmdes are con-
nected in series to one another. As the electro-optical

cell is thus oganized, increase of the voltage of the

terminal of the variable voltage source Ed,, is con- -
nected to the end part of the second electrode b,,. An

‘equivalent circuit connected to this reflection type

electro-optical cell is the same as that shown in FIG. 9.

50

variable voltage source Ed,, causes it to show an elec-

tro-optic phenomenon in order beginning with the first
electrode having the smallest area. This example is.
suitable to the case where the voltage of the variable

- voltage source Ed,, is relatwely high.

55

-Shown in FIGS. 24 and 25 is another example ‘of an- -

electro-optical cell according to this invention, which
comprises: first electrodes ag,, ajs . . . 'coneen'trically
arranged under a top substrate 1; and a second elec-
trode b,, provided on a bottom substrate 2, the second

In the eleetre-eptrcal cell shown in present invention, -
an electric field is applied between the first electrode
and the second electrode so that the molecules of an

“electro-optical material such as a nematic crystalline

liquid material are subjected to turbulance so as to
create light scattering and thereby form a white image
(or monochrome image), or, as in the case where an

~electro-optical material such as a cholesteric crystalline

liquid material is empleyed only the light having a
particular wave length is selectively reflected. In other

~ words a colored i image is made so that the strengths of

'_60

electric fields between the first and second electrodes

- are different from one anoher therby changing the
~shape of an image on the electro-optical cell.

electrode being arranged to confront through an elec-

tro-optical material 3 the first electrodes. _
In this example, the first electrodes ag;, aj, . . . are
different stepwise in area. Accordingly, as was de-

65

In this connection, the shape or configuratmn of the
image can be changed by the following method. That is,
under the fieldless condition between both electrodes

- when applieable the longitudinal directions of the mol- '

scribed with reference to FIGS. 5§ and 9, for instance, if
a voltage of a variable voltage source (not shown) is

ecules in the electro-optical material are uniformly

. arranged on an electrode surface and the field strength
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between the first and second electrodes is changed
partially so that the molecular arrangement of the elec-

tro-optical material is changed. In this way, the shape
of the image can be changed by the utilization of only

the change in the molecular arrangement. In this case a.

4,035, 060
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honzontally arranged with respect to the electrode
surface and the molecules thus arranged as a homoge-

 neous phase are made to have twist alignment in a

pair of polarizing plates should be provided on both

side of the electro-optical cell.
Shown m FIGS. 30 to 3§ are electro-eptleal cells

formed according to the above-described concept.
- One of the electro-optical cells descrlbed above 1s

shown in FIG. 30, which comprises a pair of linear
polarizing plates 11 and 12 provided on the both sides

of an electro-optical cell 10 shown in FIGS. 1 through

- 29. This electro-optical cell 10 further comprises: sub-

strates 11a, 124; linear polarizing films 115 and 12b;

and protective ﬁlms 11c and 12¢ for the linear polariz-

ing films.

The functional operation of thls electre-Optlcal cell,

10 will be described.
It i1s assumed that the electro-o;:tlcal cell 10 as shown

in FIGS. 1 to 29 is arranged between the linear polariz-

helical state, being different by 90 degrees from each
other in the opposite electrode surface, and the cell

thus formed is arranged between two linear polarizing

~ plates 11 and 12 whose polarization directions are in

~ parallel with each other; the application of an electric

- field between the opposed electrodes causes the mole-

10
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cules of the electro-optical cell to have a state of turbu-
lent flow and to thereby present an Optica] anisotropy.
As a result, the observer can see a white i unage corre-
sponding to the electrodes. -
Furthermore, in the case where an electro- optical

cell 10 havlng a helical structure is formed in such a-

" manner that in its electro-optical matter 3 the longitu-

20

ing plates 11 and 12. The electro-optical cell 10 in

which the longitudinal direction of a molecule in an
electro-optical matter is greatly different from the di-
rection of a dipole thereof, and each molecule is uni-
formly arranged as a homeotropic phase in a direction
perpendicular to an electrode surface under the field-
less conditions, shows an optical isotropy. When such
an electro-optical cell 10 is arranged between the linear
polarizing plates 11 and 12 formed cross nicol to each
other, light from a light source 13 passes through the

linear polanzmg plate 11 and then the electro-optical

cell 10 as it is, but it is blocked by the linear polarizing
plate 12; that is, it will not reach an observer 14, and

therefore anyone who stands near the observer will see

dinal direction of a molecule is approximately the same
as the direction of a dipole, under the fieldless condi-
tions all the molecules being arranged horizontally with
respect to an electrode surface, the arrangement of the
molecules being homogeneously three-dimensionally
slightly twisted so as to be different by 90° with respect

to opposed electrode surfaces and the electro-optical .

~ cell 10 thus formed is arranged between two linear

25
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polarizing plates 11 and 12 whose polarization direc-
tions are in parallel with each other; it is not possible to

cause the turbulent flow of molecules by the applica-
tion of an electric field between the opposed elec-

trodes; however, the action of the electric field changes
the molecular arrangement of the electro-optical mate-

rial 3 and therefore the observer can observe a white

- image as an image corresponding to the shape of the

35

it black. The term ‘“‘cross-nicol’ as used in this specifi- -
cation means that the polarization directions of the two

polarizers are crossed with respect to each other. Now,
if an electric field is applied between the first and sec-
ond electrodes confronted in the electro-optical cell 10
and the field strength exceeds the threshold value of

40

electrodes in the black background. If the polarization
directions of the linear polarizing plates 11 and 12 are

fermed cross nicol to each other in the fieldless condi-
tion between the electrodes, the light of all wave

lengths from the light source 13 reaches the observer '

side passing through the cell and both polarizers and
when an electric field is applied between the elec-
trodes, the molecular arrangement is changed, as a

- result of which the observer can observe a black image,

the electro-optical cell 10, the molecules of the electro-

optical matter 3 gradually change the direction of di-
poles to the direction of the electric field, as a result of
which the arrangement of the molecules is twisted. In

‘the region where the electric field strength is low, only

the light having a wave length of, for instance, blue,
green . . . red . . . blue, green . . . is selectively passed

45
12.

through. If the electric field strength is made somewhat

- higher, the condition of turbulent flow takes place with
the molecules. As a result, the light of all wave lengths
from the light souce 13 passes through all of the linear

50

as an’ 1mage corresponding to the shape of the elec- .
trodes, in the white background. | |
Next, it is assumed that the electro -optical cell is
arranged between the linear polanzmg plates 11 and_ -

More Spemﬁcally, as electre-optleal cell 10 is formed |

in which in its electro- opt.lcal material 3 the longitudi-
nal direction of a molecule is greatly different from the

direction of a dipole component force and under the

~ fieldless conditions the molecules are umformly aligned

polanizing plate 11, the electro-optical cell 10 and the

linear polarizing plate 12 simultaneously and reaches
the observer 14. Accordingly, if we see it standing at a

position apprexirnately in front of the observer, we can

clearly see an image corresponding to the shape of the
electrodes in the black background.

Furthermore, if an electro-optical cell 10 is formed in

which an electro-optical material has the longitudinal

55

as so homogeneous phase horizontally with respect to

an electrode surface, and the electro-optical cell 10
thus formed is positioned between the linear polanzmg |
plates 11 and 12 whose polarization directions ae per-

pendicular to each other. Under these condltlens if an

electric field is applied between the electrodes,

~ causes the turbulent flow ef molecules in the elec.tre-

_6(5

direction of a molecule greatly different from the direc-

tion of a dipole, and under the fieldless conditions the

molecules are uniformly arranged as a homogeneous
- phase horizontally with respect to an electrode surface,
and the cell thus formed is arranged between two linear

polarizing plates 11 and 12 formed cross nicol to each
- other; or if an electro-optical cell 10 if formed in which

~optical material 3, which shows an eptlcal anisotropy.
‘As a result, the observer can see a white image, as an
image corresponding to the shape of the electrodes in

~ the black background.
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‘Similarly as in the above case, an- electro Optlcal cell ;

10 may be formed in which in is electro-optical mate- :
rial 3 the longitudinal direction of a molecule is greatly

different from the direction of a dipole component -

~ force and under the fieldless conditions the molecules

- under the fieldless conditions all the molecules are

are aligned as so homogeneous phase horizontally to be
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twisted with respect to an electrode surface, and the
“electro-optical cell 10 thus formed is positioned be-

tween two linear polarizing plates 11 and 12 whose

polarization directions are in parallel with each other.

Under these conditions, if an electric field is applied

between the opposed electrodes, the observer can see a.
‘white image as an rmage corresponding to the shape of .
the electrodes.

In addition, in the case where an electro-optlcal cell

10 is formed in which in its electro-optical material 3
the longltudmal direction of a molecule is approxi-
‘mately the same as the direction of a dipole component
force and under the fieldless conditions the molecules
are aligned as so homogeneous phase horizontally with
respect to an electrode surface, the molecular align-

10
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tro-optrcal cell 10 and the linear polarrzmg plate 11. In

‘addition, the color filter 15 can be provided on the left

side of the linear polarizing plate 11. If necessary, a

colored light source may be employed instead of the
provision of the color filter 15. Furthermore, if it is
“dark on the observer side, the color filter 15 may be

provided on the side facing to the observer. The polar-
izing plates are not limited to the linear polarizing

| plates only, that is, other type polarizing plates can be _

employed as the polarizing plates. - |
Another example of the invention is shown in FIG.

-_ 32, in which an electro-optical cell 10, a linear polariz-

ing plate 12 and a colored linear polarizing plate 16 '

- which serves as both a color filter and a linear polariz-
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ment directions differing by 90 degrees in the vicinity

of the inner wall of substrates, and the electro-optical
cell 10 thus formed is positioned between two linear
polanzmg plates 11 and 12 whose polanzatlon direc-
tions ae in parallel with each other; it is not possible to

have the molecular turbulent flow in the electro-optical

material 3 by the application of an electric field be-
tween the opposed electrodes; however, the action of
the electric field changes the molecular alignment in
the electro-optical material 3 as a result of which the
observer can see a white image, as an 1mage corre-
sponding to the shape of the electrodes, in the black
background.

In this connection, if the linear polarizing plates 11
and 12 are arranged so that their polarization direc-
tions form 90° thereby to form a cross nicol to each

other, the molecular alignment in the electro-optical

material 3 is changed by the application of an electric
field between the opposed electrodes, as a result of
which the observer can see a black i lmage correspond-
ing to the shape of the electrodes in the white back-
ground.

In the case where the molecules of an electro- optical

material are regularly aligned under the fieldless condi-
tions while the partial application of the different elec-

ing plate and is provided instead of the color filter are

combined so as to display a colorful image. In this

" colored linear polanzmg plate 16, a colored linear
- polarizing film 16b is formed over one surface of its

substrate 16a4. Furthermore, a protective film 16¢ is

20 formed over the colored lmear polarizing film 16b.
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Shown in FIG. 33 is another embodiment of the in-
vention which comprises a compound colored linear -

“polarizing plate 17, an electro-optical cell 10 and a

linear polarizing plate'12. The compound colored lin--
ear polarizing plate 17 is provided with colored linear -
polarizing films 17b and 17¢ formed on both sides of its
substrate 17a. The compound colored linear polarizing

~ films 17b and 17¢ are protected by protective films 17d

30

and 17c, respectively. In this example shown in FIG.
33, the optical axes of the compound colored linear
polarizing films 17b and 17¢ are intersected perpendic-.

~ ularly to each other, and when no electric field is ap-

35

plied to the cell the observer can see a particular color
on the whole surface. Then, when an electric field is
applled to the electro-optical cell 10, a smgle color
image but different from that appearing in the case

‘when no electric field is applled appears when the elec-

tric field is high.

40

tric fields between the first and second electrodes cause

the molecular turbulent current in the electro-optical
material, as s shown in FIG. 31 a color filter 15 is
provided between the electro-optical cell 10 and the
linear polanzmg plate 12 so that an 1mage formed by

the electrodes is colorful.

The functional Operatlon of the electro-optlcal cell
shown in FIG. 31 will be briefly described. When under

the fieldless conditions the molecules of the electro-op-

tical material 3 are regularly aligned and the electro-
optical material 3 therefore shows an optical isotropy,
the light from the light source 13 passes through the

45

Shown in FIG. 34 is one modlfieatlon of the electro-

optical cell shown in FIG. 31, in which a light reflecting

layer 18 is provided on one srde of the polarizing plate

11. This is a reflection type electro-optical cell. |
“Shown in FIG. 35 is one modification of the electro-

optical cell shown in FIG. 32, in which a light reflecting

layer 18 is provrded on one side of the colored polariz-
ing plate 16. Thls is a reﬂectlon type electro 0pt1cal |

~cell, too. S
lllustrated in FlG 36 is a block dlagram ﬂlustratmg a

~ device in which the electlo-optlcal cell as described
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linear polarizing plate 11, the electro-optical cell 10 |
and the color filter 15, but cannot pass through the

- linear polarizing plate 12. Accordingly, what is seen by
the observer 14 is black. Now, when an electric field is
applied between the electrodes opposed to each other

35

above is employed as an instrument for indicating ana-
log data of a tachometer, a thermometer, a pressure

gauge, or a photometer. The device shown in FIG. 36
comprises: a detector 20 for detecting temperature, '
weight, intensity of radiation, and the like; a transducer
21 for converting an output from the detector 20 into

an electrical signal and an amplifier 22 for applying an

~output from the transducer 21 to the first and second

- S0 as to cause the molecular turbulent flow in the elec-
tro-optical material 3, the electro-optical material 3

shows an optical anisotropy. As a result, the light from

the light source 13 can pass through the linear polariz-

ing plate 11, the electro-optical cell 10, the color filter

15 and the linear polarizing plate 12, thereby md:catmg
‘a colorful image formed by the electrodes.

~ In the above described embodiment of this invention,

the color filter 15 is provided between the electro-opti-

cal cell 10 and the linear polarizing plate 12. However,

the color filter 15 may be. provided between the elec-
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electrode of the electro-optical cell 23 as described
previously. The signal data mdlcatmg instrument can.
be formed considerably thin since it is constituted only

by the electro-optical cell 23 which is relatively thin

and the electrical circuit provided for the cell.
Shown in FIG. 37 is a device for comparing and dis-

- playing two analog data, such as right and left signals

_65

produced from a stereophonic device by employmg the

electro-optical cell 24 according to the present inven-
tion. The first electrodes thereof are divided into, for

- instance, two groups The devrce comprises: detectors
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25 and 26 for detecting two analog data; and amphﬁers
27 and 28 provided for the detectors 25 and 26 respec-

tively, the amplifiers applying their outputs between

the first and second electrode of each group in the
e]ectro—eptlcal cell described above. | |
With reference to FIG. 38, there is shown a devu:e
which employs the above-described electro-optical cel
30 for the purpose of detecting the fact that the output
voltage of a voltage source 29 reaches a predetermined

level, the output voltage being applied to the electro--

optical cell 30 through a variable resistor 32 provided
with a suitable control device 31, |
~ FIG. 39 illustrates a device which employs the above-
described cell for the indication of transmission time of
a telephone service. The device shown in FIG. 39 com-
prises: a telephone set 33; a pick-up coil 34 for detect-
ing the electrical level of the transmission circuit; and
an amplifier 35 provided for the output of the pick-up
coil 34, the amplifier 3§ applying its output to the gate

 of a thyristor 36. The thyristor 36 is connected to a
timer circuit consisting of a resistor 39 and capacnor_

40 through a contact S, of a switch 38. The switch is set
on when the receiver, or handset 37, of the telephone
set 33 is unhooked. The device is further provided with
a power source 41. A normally closed contact Sy of the
switch 38 is connected to a discharge resistor 42 of the
capacitor 40. Both terminal of the capacitor 40 are
connected to a voltage indicator 43 comprising an
electro-optical material.

The operation of this device is as fellows Upon un-
hooking the handset 37 of the telephone set 33, the
contact S, is closed. Under these conditions, the dial is
turned and a person called unhooks the handset of his
telephone set, thus completing the transmission circuit.
As a result, the electrical level of the transmission cir-
cuit is changed, and the change of the electrical level is
detected by the pick-up coil 34. The detecting output
of the pick-up coil 34 is amplified by the amplifier 35
whereby the thyristor 36 is turned conductive. Accord-
ingly, charging the capacitor 40 is started and the po-

tential across the terminals of the capacitor 40 gradu-
ally increases. As a resuilt, the electrodes of the voltage.

indicator 43 show electro-optical phenomena begin-

18

tion in which cell 18 driven by square AC'"uoltl'a‘ge

" source.

- electrodes a,, a, ... .

10

~ EXAMPLE 7
- Cell and circuit are same to Example 5. Driving volt-
age Ed is 8 volt 1 Hz square AC wave, duty; 50%. First
operate step’wise wit time delay
visually. | S
When said cell is to drive by square AC wave, square

AC wave PQ shown in FIG. 41 which peak value is less

- than Vth, is applied to first and second electrode re-
- spectively, and phase difference between wave PQ is
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zero when no electro-optical effect occurs, and i 18 half
cycle when electro-optical effect occurs.

When said cell is driven by saw AC wave, it is posib-
ble to display moving image as well as cell is driven by

- square AC wave, but displaying penod of each elec-

20
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trode a,, a, . w111 be different.
‘When said cell is driven by sine or tna_ngul_ar AC

wave, it is possible to display moving image as well as
cell 1s driven by square or saw AC wave, although dis-

playing period of each electrode delays than cell is

driven by square wave. Therefore square AC wave is
preferable than sine or tnangular AC wave for drwmg
said cell. By said effect, it is possible to show moving

- display such as indicator of automobile, second display

30

of watch or clock as shown in FIG. 42 or wrist watch as
shown FIG. 43, level rising in cup by beer pounng as.
shown FIG. 44.

We claim: |
1. An_electro-optic device comprising a first trans-

- parent substrate, a second substrate juxtaposed to the

-35
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 first substrate, said liquid interposing internal imped-

first substrate, a body of electro-optically variable lig-

uid disposed between said substrates, a plurality of first
"eléctrodes disposed on the surface of the first substrate

facing the second substrate, each individual one of said
plurality of first electrodes having an area different

from the area of the others, a second electrode pro-

vided on the surface of the second substrate facing the -

ance between sald first electrodes and said second

~ electrode, and a plurality of impedance elements exter-

ning with the electrode whose external input voltage

necessary for showing an electro-optical phenomenon

- is the lowest, thereby indicating the lapse of a transmis-
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~ sion time. ln this connection, the electrical level of the

transmission circuit may be detected by connecting the_

~pick-up coil directly to the telephone set 33.
It is possible to display moving image changing peri-

‘odically according to driving voltage in electro-optical

~ cell shown in FIGS. 1, 3, 4, operating low frequency
AC voltage less than few Hz. In this case configuration
of wave of said driving AC voltage may be rectangular,
‘square, saw, sine, triangular. For example, if said cell
shown in FIG. 1 1s driven square AC wave P, shown in
FIG. 40, the voltage e,, e, . . . of each first electrodes a,,

. in stepwise with time delay. Therefore first elec-
| trode a,, a4, . . . exhibit electro-optical effect in stepwise

with time delay without employing complicate circuit
such as RC timer circuit. At the rest interval of said
. of each elec-

square AC wave P,, the voltage ¢, ¢, . .
. trode a4, a, . . . decrease and reach to threshold voltage
- Vth at ¢, ;5 . . . and electro-optical effect of each

‘electrode . . . a,, a;, as, a, disappear in stepwise with

time delay. Next we explain example of present inven-

‘nal to sald substrates and liquid, the impedances of -
different ones of said impedance elements being differ-
ent from each other; each of said first electrodes being =~

connected through a respective one of said impedance

‘elements to a terminal of a voltage source, and said _- '

~second electrode bemg connected to another terminal
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of the voltage source, so that there are a plurality of .
parallel circuits each cempnsmg a respective one of

~-said impedance elements in series with the respective

55

internal impedance between a respective one of said

first electrodes and said second electrode, whereby in

each of said parallel circuits a first part of the voltage
supplied from the voltage source exists across the re-

| spective internal impedance and a ‘second part of the

. will nise along the charactenstlc curve as shown | voltage from the veltage source ex13ts across the re- | )

- in FIG 40, and reach to threshold voltage Vth at ¢,,t,
| 60
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spective impedance element, the ratios of the first part
to the second part of the voltage bemg dlfferent at the
different respective parallel circuits. 2 |
2. An electro-optic device cempnsmg |
a. a single external electrical source,
'b. an electro-optical cell having a plurahty of ﬁrst
electrodes and a second electrode opposing each
~other through electro-optical material,
" ¢. external impedance elements of same number as
the number of sald first electrodes |
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d. said first electrodes being connected in series to an

end of each of respective ones of said external

impedance elements, the values of said external
impedance elements differing from each other,

e. the other ends of said external impedance elements

being connected together so as to be at the same

potential and being connected to one end of said

~ external electric source, |
f. the other end of the said external electric source
bemg connected to the second electrode, thereby
forming a plurality of parallel series circuits each of
which comprises said external electric source, one
of said external impedance elements, one of said
first electrodes, the electro- -optical matena] and
said second electrode, | ﬁ

g. Characterized in that the impedance values of said

external impedance elements and the electro-opti-

cal material between said first electrodes and sec-

ond electrode are related so that the values of di-

vided currents supplied from said external source

and flowing .constantly in said series circuits re-
-spectively differ from each other.

40
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3. An electro-optic device as claimed in claim 2, in
which said first electrodes have area_s__\ghlch are differ-
ent from each other
4. An electro-optic device as claimed in claim 6 in
which said first electrodes have equal areas.
5. An electro-optic device as claimed in claim 3,in
whlch said external impedance elements are resistors.
6. An electro-optic device as claimed in claim 3, in

which said external 1mpedance elements are condens-

‘7 An electro-optlc devlce as c]almed in claim 4, in

~ which said external impedance elements are resistors.

15

~ 8. An electro-optic device as claimed in claim 4, in
which said extemal lrnpedance elements are condens-_

9. An electro-0pt1c dewce as clalmed in claim 2 In

which said external electric source prov:des a square

“AC voltage wave.

20
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AC voltage wave.

10. An electro-optic device as clalmd in clalm 3 in
which said external electrlc source prewdes a square

AC voltage wave. - .
11. An electro-eptlc device as claimed in claim 4, in

which said external electric source prowdes a square

kK kR Xk
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